Groups of time-courses created from fMRI data by the frequently used correlation analysis are often highly heterogeneous. This heterogeneity is due to the limited selectivity of correlation when trying to match brain time-courses to an externally imposed activation paradigm.
Introduction
Correlation of voxel time-courses (TCs) with a predefined reference function is frequently used to detect activations in fMRI (Bandettini et al, 1993) .
However, the TCs grouped by correlation with an external reference do not necessarily correlate well amongst each other, and in the extreme case they may not correlate at all (see also McKeown et al 1998, and Goutte et al, 1999) . This is an important caveat for all correlation-based methods, frequently not appreciated. Here we demonstrate, both with simulated and in vivo data, the consequences of this inadequate selectivity of correlation. Our results argue strongly in favour of assessing the internal homogeneity of any correlationselected "active" group of TCs prior to submitting them to inferential statistical methods. Otherwise, these methods may have to deal with unnecessary type I errors (false positives). Furthermore, as a consequence of the heterogeneity time -courses identified by correlation may correspond to different effects.
Our primary goal is to bring the problem to the attention of the n euroimaging community.
Given any correlation-selected group of TCs, we apply a previously proposed method (Baumgartner et al, 1999 , Huehn et al, 1994 , based on Kendall's coefficient of concordance W (Kendall, 1990) . The method checks for internal consistency, and then orders the TCs according to their contribution to the overall discordance of the group. Of course, other methods (e.g., Hastie et al., 2000) may work equally well or even better, but the current one will help make our point.
Materials and Methods
We created two groups of TCs, each consisting of 120 time instances, to simulate the extreme case when TCs correlate highly with an external reference, but not at all amongst each other. The first group contained 46, the second group 26 TCs. "Hemodynamic" response was simulated (as a two-parameter gamma function, Lange et al, 1997) , with two "on" cycles of 30 instances each.
The contrast-to-noise ratio (CNR=∆S/σ n , where ∆S is the signal enhancement and σ n is the noise standard deviation (Lange et al, 1997) ) was set to 5.0. The TCs in the first group G 1 were shifted by 10 frames relative to the TCs in the second, G 2 , to assure no correlation between the groups. The reference function R was chosen to lie half way between the TCs from the first and second group, so that it correlates highly with the TCs in both groups.
In vivo fMRI data were acquired on 1.5 T GE Signa Horizon scanner.
(Motor paradigm, 110 time instances, with 11 off/on cycles.) First, a group of voxels that correlated highly with the paradigm (# of voxels = 19) was identified.
Then a "transient" hemodynamic response was created in two of the TCs by removing the last "on" cycle.
To display and visualize the group of TCs, we use a 2 -dimensional homogeneity map. (This is one of the display options in EvIdent, the software package for exploratory fMRI data analysis developed in our group; Scarth et al, 1995 , Jarmasz et al, 1998 , Somorjai and Jarmasz, 1999 . The horizontal coordinate represents the time instances; the vertical coordinate corresponds to the TC number, so that the intensity value of a particular TC is displayed at each time point. In the homogeneity map the TCs are ordered from top down, with the one correlating most strongly with the reference function displayed at the top.
The TCs were ordered, using our cluster purification algorithm for fMRI (Baumgartner et al, 1999) , which is based on Kendall's W (Kendall, 1990 ).
Kendall's W accounts for the overall concordance of the group of TCs and ranges between 0 and 1; When W=0, there is no concordance among the TCs, when W=1, there is perfect match. As shown in (Baumgartner et al, 1999) , it is possible to calculate the contribution of each TC in the group to the overall W.
This then allows the TCs to be ranked accordingly.
Results
We display the reference function R in Fig. 1(a) and the centroids of G 1 and G 2 in Fig.1(b,c) . It is visually apparent that R and G 1 or G 2 overlap, whereas G 1 and G 2 don't. This is confirmed quantitatively by the Pearson crosscorrelation coefficients. Thus, the coefficient between R and the centroid of G 1 or G 2 is 0.57 (55.2 degrees), between the centroids of G 1 and G 2 is -0.019 (91 degrees). Fig.2 shows the results for simulated TCs. (Fig. 3(b) ) or the "transient" activation (3(c)) (correlation was performed with boxcar functions). In both cases the "transient" and paradigmatic activations are detected as belonging to the current "activation" group. This example underscores the necessity of checking for the internal homogeneity of any group of TCs identified in an fMRI study, by whatever means the group was obtained.
Conclusion
We have drawn attention to the poor selectivity of cross-correlating brain
TCs with an external reference function. As a consequence, TCs that should have been assigned to different groups are "lumped" together, creating highly heterogeneous groups of T Cs.
Further analysis of such groups by some inferential statistical method will inevitably lead to type I errors that could in fact have been avoided. We previously proposed a method, based on Kendall's W, to verify the internal consistency of a group of TCs. Removing the most discordant TCs can then "purify" the group. Note, that if a group was obtained from, say, fuzzy clustering (Jarmasz et al, 1998) , it would tend to be much more homogeneous, (as assessed via W) than if it was derived from correlation with an external reference, or, even more simply, from an ROI that was created based on using prior knowledge or expectation. Pearson's correlation coefficient between G1 and G2 is -0.019 (91 degrees). 
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